In recent years, nanosized molecular magnets have been intensively explored due to pronounced quantum phenomena [1] [2] [3] . Often, however, quantum effects are obscured by environments (''heat bath'' via spins and phonons) leading to decoherence and thermal relaxations. A promising way to quench environments is to exploit a fast sweeping pulsed magnetic field [4] . Moreover, one can differentiate a pure quantum magnetization from an isothermal one by adopting a unique spin topology and sizable anisotropic exchange interactions [5, 6] . S 1=2 antiferromagnetic triangular spin rings might be the best candidate to observe peculiar quantum magnetization owing to two doublets with a different spin chirality [7] [8] [9] . To our knowledge, such an issue has been addressed in a V 3 complex [7] . However, the use of powders and large thermal effects prevent the unveiling of a full aspect of magnetization. We have now used single crystals of a new class of materials which enable us, for the first time, to provide clear-cut evidence for the much sought-after half step magnetization. Na 9 Cu 3 Na 3 H 2 O 9 -AsW 9 O 33 2 26 H 2 O (hereafter abbreviated as fCu 3 g) realizes the triangle nanomagnet [10 -12] . As Fig. 1(a) displays, it has a sandwich-type structure with D 3h symmetry [12] . The central belt, separated by two -AsW 9 O 33 9ÿ subunits, consists of three CuO 4 H 2 O square pyramids linked by Na ions. In the unit cell, there are two triangle spin rings of Cu 2 ions. is identical, the fCu 3 g nanomagnet can be regarded as an S 1=2 triangle spin ring. Static susceptibility shows that the Cu 2 ions are antiferromagnetically coupled [10] .
In this Letter, we report dynamic magnetization processes such as a half step magnetization, hysteresis loops, and an asymmetric magnetization between a positive and a negative field on the fCu 3 g-triangle spin ring. This feature is characteristic for an adiabatic change of magnetization. We will demonstrate that a spin chirality and Dzyaloshinskii-Moriya (DM) interactions are an essential ingredient to observe a half step magnetization.
The preparation of single crystals is described in Ref. [12] . Magnetization measurements were carried out by means of a standard inductive method. Fast pulsed magnetic fields up to 10 3 T=s were generated by a capacitor bank of 90 kJ as described elsewhere [4] . The sample is immersed in liquid 3 He to reach a temperature as low as 0.4 K. ESR measurements were performed using a commercial Bruker spectrometer at the Q band ( 34 GHz).
Shown in Fig. 2 is the magnetization versus magnetic field at 0.4 K for the H k plane. Upon sweeping the pulsed field upwardly (A ! B), the magnetization first shows a plateau around 1:15 B , then jumps to 2:6 B , and finally approaches gradually to the saturation value of 3:4 B in a high field of 13 T. Here note that the magnetization is renormalized by the g factor of g 2:25 (see below). Thus, the observed jumps correspond to ngS B (n 1; 2; 3). In the down sweep after saturation (B ! C), the magnetization exhibits a sharp drop first from 3:4 B to 1:15 B and then to zero. Remarkably, the contrasting magnetization between the up and down sweeps leads to pronounced hysteresis loops, which are unusual for Cu 2 ions with no single ion anisotropy. To gain more insight, we have calculated the magnetization at equilibrium denoted by the thin line. We can identify the first step to the saturation of S T 1=2 state. The second step by 2:25 B comes from the level crossing fields between S T 1=2 and S T 3=2 states.
A close inspection reveals that the up sweep magnetization is smaller than the equilibrium one in low fields of 0 -2.3 T. At high fields of 5-8 T, the second step magnetization of 1:45 B amounts to nearly half of the equilibrium value. In the down sweep, a half step magnetization is totally missing while the magnetization jumps become more sharp than the equilibrium one. This implies that the effective temperature of the spin system is lower than that at equilibrium. Therefore, this strongly suggests that the fast sweeping field decouples the spin system from environments and the anomalous magnetization relies on a pure quantum mechanical process.
The distinct behavior is further highlighted by the magnetization in a negative field. It exhibits neither half step magnetization nor pronounced hysteresis. Both the up and down sweep magnetizations show a successive, sharp step first to ÿ1:4 B and then to ÿ3:4 B . To figure out a full aspect of the anomalous magnetization behavior, first of all, an energy level diagram and crossing point should be precisely determined [5] . An extremely high sensitivity of ESR on anisotropic exchange interactions can serve as an experimental choice.
In Fig. 3(a) , the representative ESR spectra at 8.8 K are compared between 0 and 90
. The angle is measured starting from the molecular C 3 axis, which is perpendicular to the plane comprising the three copper ions. The intense three lines originate from the excited S T 3=2 group. For the assignment of the respective transitions, refer to Figs. 3(a) and 4. In addition, we are able to resolve the transitions arising from the S T 1=2 group. The ESR intensity of the S T 1=2 group is comparable to each other and is 1 order of magnitude weaker than that of the S T 3=2 group. This is due to the reduced magnitude of spin. The transitions of j1i ! j3i and j2i ! j4i are conventional ESR transitions between the Zeeman splitting states. In addition, there appear symmetry-forbidden transitions of j1i ! j4i and j2i ! j3i. The rest of the transitions j1i ! j2i and j3i ! j4i are out of resonance in the Q band regime.
Noticeably, each spectrum of the S T 1=2 group has a fine structure. The uniform angular dependence indicates that it is intrinsic rather than due to defects. Anisotropic interactions are sensitive to local distortions of CuO 4 H 2 O square pyramids, which have a strong impact on the energy levels of the S T 1=2 group. Thus, the Jahn-Teller isomerism is likely to be responsible for that. For the studied fCu 3 g nanomagnet, however, the magnetic properties are not significantly influenced by the isomers for the following reasons. First, the magnetization and ESR spectra show no substantial sample dependence (not shown here). Second, the observation of only the three signals from the S T 3=2 group implies that the variance between the isomers is tiny. Actually, our simulations restrict the deviations of anisotropic interactions to only a few percent among the isomers. The details will be published elsewhere [13] . Hereafter, we will focus on the main configuration, yielding the most intense signals.
Figures 3(b) and 3(c) display the angular dependence of the resonance fields at 8.8 K. The experimental spectra are fitted to a sum of a Gaussian profile using a least-squares method. Error bars of the fitted data are within the size of the symbols. The resonance fields of the S T 1=2 group vary strongly with an angle with respect to the S T 3=2 group. In particular, the unconventional ESR transition of j1i ! j4i shows an angular dependence opposite to the conventional ones.
Based on these data, we will determine the magnetic parameters of a S 1=2 Hamiltonian of the fCu 3 g-triangle spin ring external field as follows:
where the exchange coupling constants J ll1 , the DM vectors D ll1 , and the g tensorsg ll are defined as a sitedependent quantity with a periodic boundary condition.
First, the g factors are determined using ESR data; Our result is consistent with an earlier study [10] . In Ref. [10] , ESR spectra were analyzed in terms of the spin Hamiltonian defined using a zero-field splitting parameter D. At zero field, the energy splitting within the S T 3=2 state is given by 2D 0:0662 K [10] . In our model, this corresponds to the exchange anisotropy A jJ x ÿ J z j 0:6 K, which induces the zero-field gap of 0.0683(4) K (see Fig. 4 ). In contrast to our microscopic model, however, the effective spin Hamiltonian cannot account for the detailed ESR features of the S T 1=2 state (D 0). Shown in Fig. 4 is the resulting energy level diagram. At zero field, the energy gap of 1:06 K opens between a Kramers and a second degenerate doublet. This is larger than the estimated value from the isosceles triangle condition of J 12 -J 23 0:5 K. The remaining energy splitting is provided by the DM interactions of 0.52(9) K. For the H ? plane (H k z), there are the two level repulsions at H c 1 4:4 T and H c 2 5 T. For the H k plane, the two level repulsions occur at slightly lower fields of H c 1 3:9 T and H c 2 4:4 T. Besides, there are additional antilevel crossings around 0.4 and 2.1 T. The level crossing points match well with the fields at which the step magnetization by 2:25 B is observed. In the following, we will address the detailed behavior of the dynamic magnetization.
At zero field, the relative population between the S
